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FRONT-SIDE REPATRABLE TFT-LCD AND METHOD FOR MAKING 

Field of the Invention 

The present invention generally relates to a TFT-LCD assembly and a method for 
making and more particularly, relates to a TFT-LCD assembly which can be laser repaired from the 
front-side of the assembly and a method for making the front-side repairable TFT-LCD assembly. 

Background of the Invention 

In recent years, large liquid crystal cells have been used in flat panel displays. The 
liquid crystal cells are normally constructed by two glass plates joined together with a layer of a 
liquid crystal material sandwiched inbetween. The glass substrates have conductive films coated 
thereon with at least one of the substrates being transparent. The substrates are connected to a source 
of power to change the orientation of the liquid crystal material A possible source of power is a thin 
film transistor that is used to separately address areas of the liquid crystal cells at very fast rates. The 
TFT driven liquid crystal cells can be advantageously used in active matrix displays such as for 
television and computer monitors. 

As the requirements for resolution of liquid crystal monitors increase, it becomes 
desirable to address a large number of separate areas of a liquid crystal cell, called pixels. For 
instance, in a modern display panel, more than 3,000,000 pixels may be present. At least the same 
number of transistors must therefore be formed on the glass plates so that each pixel can be 
separately addressed and left in the switched state while other pixels are addressed. 
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Thin film transistors are frequently made with either a polysilicon material or an 
amorphous silicon material. For TFT structures that are made of amorphous silicon material, a 
common structure is the inverted staggered type which can be back channel etched or tri-layered. 
The performance of a TFT and its manufacturing yield or throughput depend on the structure of the 
transistor. For instance, the inverted staggered back channel etched TFT can be fabricated with a 
number of six masks, whereas other types of inverted staggered TFT require a minimum number of 
nine masks. The specification for a typical inverted staggered back channel etched TFT includes an 
amorphous silicon that has a thickness of 3,000 A, a gate insulator of silicon nitride or silicon oxide, 
a gate line of Mo/Ta, a signal line of Al/Mo and a storage capacitor. The requirement of a thick 
amorphous silicon layer in the TFT device is a drawback for achieving a high yield fabrication 
process since deposition of amorphous silicon is a slow process. A major benefit for the amorphous 
silicon TFT is its low leakage current which enables a pixel to maintain its voltage. On the other 
hand, an amorphous silicon TFT has the drawback of a low charge current (or on current) which 
requires an excessive amount of time for a pixel to be charged to its required voltage. 

A second type of TFT is made by using a polysilicon material. Polysilicon is more 
frequently used for displays that are designed in a smaller size, for instance, up to three inch diagonal 
for a projection device. At such a small size, it is economical to fabricate the display device on a 
quartz substrate. Unfortunately, large area display devices cannot be normally made on quartz 
substrates. The desirable high performance of polysilicon can therefore be realized only if a low 
temperature process can be developed to enable the use of non-quartz substrates. For instance, in 
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a more recently developed process, large area polysilicon TFT can be manufactured at processing 
temperatures of less than 600°C. In the process, self-aligned transistors are made by depositing 
polysilicon and gate oxide followed by source/drain regions which are self-aligned to the gate 
electrode. The device is then completed with a thick oxide layer, an ITO layer and aluminum 
contacts. 

Polysilicon TFTs have the advantage of a high charge current (or current) and the 
drawback of a high leakage current. It is difficult to maintain the voltage in a pixel until the next 
charge in a polysilicon TFT due to its high leakage current. Polysilicon also allows the formation 
of CMOS devices, which cannot be formed by amorphous silicon. For the fabrication of larger 
displays, a higher mobility may be achieved by reducing the trap density around the grain boundaries 
in a hydrogenation process. 

Figure 1 shows an enlarged, cross-sectional view of a conventional amorphous silicon 
TFT structure. Amorphous TFT 10 is built on a low cost glass substrate 12. On top of the glass 
substrate 12, a gate electrode 14 is first deposited of a refractory metal such as Cr, Al or Al alloy and 
then formed. A gate insulating layer 16 is normally formed in an oxidation process. For instance, 
a high density TaO x on a Ta gate can be formed to reduce defects such as pin holes and to improve 
yield. Another gate insulating layer 20 is then deposited of either silicon oxide or silicon nitride. 
An intrinsic amorphous silicon layer 22 is then deposited with a n + doped amorphous silicon layer 
24 deposited on top to improve its conductivity. Prior to the deposition of the doped amorphous 
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silicon layer 24, an etch stop 26 is first deposited and formed to avoid damages to the amorphous 
silicon layer 22 in a subsequent etch process for a contact hole. The doped amorphous silicon layer 
24 is formed. Boron ions are normally used to achieve p + polarity. A drain region 30 and a source 
region 32 are then deposited and formed with a pixel electrode layer 34 of ITO (indium-tin-oxide) 
deposited and formed on top. The drain region 30 and the source region 32 are normally deposited 
of a conductive metal layer. A suitable conductive metal may be a bilayer of Cr/Al. The structure 
is then passivated with a passivation layer 36. 

A second conventional inverted staggered type TFT 40 is shown in Figure 2. The 
TFT 40 is frequently called the back channel etched type inverted staggered TFT. A gate electrode 
42 is first formed on a non-conducting glass substrate 38. The gate electrode 42 is connected to a 
gate line (not shown) laid out in the row direction. A dielectric material layer 44 of either silicon 
oxide or silicon nitride is used to insulate the gate electrode 42. After an amorphous silicon layer 
46 and a contact layer 48 are sequentially deposited, patterned and etched, source electrode 50 and 
drain electrode 52 are formed to provide a channel 54 in-between the two electrodes, hence the name 
back channel etched TFT. The source electrode 50 of each TFT is connected to a transparent pixel 
electrode 56 independently formed in the area surrounded by the gate lines and the drain lines (not 
shown). A transparent passivation layer 58 of a material such as silicon nitride is deposited on the 
completed structure. 

As shown in Figure 2, the gate electrode 42 is frequently formed of chromium or 
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other similar metals on the transparent glass substrate 38. The dielectric layer 44 of gate oxide or 
silicon nitride is formed to insulate the upper surface of the glass substrate 38 including the top 
surface of the gate electrode 42. A semi-conducting layer 46, which may be formed of amorphous 
silicon is stacked on the dielectric film 44 over the gate electrode 42. The drain electrode 52 and the 
source electrode 50 are formed on the semi-conducting film 46 and are separated from each other 
by a predetermined distance forming the channel section 54. The two electrodes each has a contact 
layer of 48 and a metal layer which are electrically connected to the semi-conducting layer 46. The 
transparent electrode 44 may be formed of ITO. 

In modern TFT-LCD devices, once the components are assembled together, it is 
difficult to make repairs in defective circuits found in the TFT. The defects are normally found by 
a technique utilizing a KLA Acrotec® inspection device with digital image processing. In the 
technique, panel sizes of up to 50 cm x 50 cm can be accommodated and detected by an optical 
system which operates in two different modes, i.e., in low magnification to locate defects and in high 
magnification to identify the defects. Defects found in the peripheral drive circuits in an active 
matrix device frequently cause more serious problems such as area defects in the displays, while 
defects in pixel arrays with TFT switches frequently cause point or line defects. It is therefore 
essential to provide a repair capability on the peripheral drive circuits. Normal redundant TFT 
circuits are not adequate for repairing open defects in the circuits. A laser connection and 
disconnection method must therefore be utilized in correcting the defects. For instance, by using the 
laser connection and disconnection methods, a faulty shift register can be exchanged for a spare by 
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disconnecting the input/output lines of the faulty circuit and connecting the I/O lines of the spare 
circuit. 



In a laser repair method, the repair is normally made by using a pulsed YAG laser 
which is operated at 1 .06 um with a pulse duration of 8 Nano-second. A doped polysilicon layer can 
be used as the conduction layer in a laser connection and disconnection method. For instance, when 
repairing a defect between aluminum and polysilicon lines which are separated by an insulating layer 
of silicon nitride, an Ohmic contact can be made through the silicon nitride layer by irradiating with 
the YAG laser at a site where the two lines are overlapped. A YAG laser having 20-60 W/um 2 
power density may be used in an air ambient fora repair pattern of about 4 um x 4 um in size. Such 
repair is normally performed from the backside of the TFT-LCD Ihrough the glass since a black 
matrix film coated on the front-side glass plate prevents accurate locating of the defects. The 
existing through-the-glass repair techniques are therefore limited to repairs that can only be carried 
out on the backside of the device for making repairs on a drive circuit. 

Most conventional laser repair techniques repairs lines located inside TFT-LCD 
panels by welding through backside laser irradiation. Other conventional solder repairs of lines are 
capable of repairing a PCB (printed circuit board) on the TFT-LCD driving board. When a broken 
data line or bus line is detected, a repair line is used in welding the connection. When a scan line, 
or a gate bus line, is shorted with a data bus line, a laser radiation may be used to cut off all 
connections around the circuit and then reconnect with a repair line to resume connection with the 
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outside circuit. These repairs are made from the backside of the device. The repair task is much 
simpler when only a TFT substrate array is involved and that no upper glass substrate is assembled 
to the TFT. A repair line may be melted down onto a scan line or a data line for reconnection. 
However, when a LCD has been assembled to a TFT forming an assembly, any defects found must 
be repaired from the backside so that laser radiation can go through a glass without being blocked 
by a black matrix film. A TFT-LCD assembly must be reversed by reversing the coordinates in a 
computer to find the defect location. It should be noted that the LCD discussed here are generally 
of the reflecting type and therefore, no diffuser is involved in the assembly. 

The conventional laser repair technique is therefore impossible for making front side 
repairs due to the blockage of light by the black matrix film and the resulting difficulties in locating 
the defects. When the TFT-LCD gate buslines are fabricated of non-Al based materials, backside 
laser repair technique does not produce a reliable result. Furthermore, in the backside laser repair 
technique, the soldering of repair lines are located on the PCB which enhances the driving signal 
coupling and distortion effect. Moreover, since not all broken wires show up when the TFT device 
is fabricated and tested in an array form, i.e., defects may be formed only when a signal is sent 
through the circuit for testing by a short in the circuit and heat generated in the defective circuit 
components. A technique for repairing a TFT-LCD which has a black matrix film inside the 
assembly must be provided so that the assembly can be repaired without being taken apart and 
without the risk of scrapping the whole assembly. 
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It is therefore an object of the present invention to provide a method for repairing a 
TFT-LCD assembly that does not have the drawbacks or shortcomings of the conventional repair 
methods. 

It is another object of the present invention to provide a method for repairing a TFT- 
LCD assembly that does not have to be performed on the backside of the assembly. 

It is a further object of the present invention to provide a method for repairing a TFT- 
LCD assembly that can be carried out from the front side of the assembly through a black matrix 
film. 

It is another further object of the present invention to provide a method for repairing 
a TFT-LCD assembly by first forming a multiplicity of apertures in a black matrix film prior to the 
assembly of the front glass to the TFT-LCD. 

It is still another object of the present invention to provide a method for repairing a 
TFT-LCD assembly by providing at least one repair line positioned outside of and in parallel with 
a circuitry on the TFT-LCD which intersects a multiplicity of buslines with an insulating layer 
thereinbetween. 

It is yet another object of the present invention to provide a front-side repairable TFT- 

8 



64,600-039 
ERSO 870100 

LCD assembly which includes at least one repair line positioned outside of and in parallel with a 
circuitry on the TFT-LCD and a black matrix film coated on a front glass panel and patterned with 
a multiplicity of apertures such that a repair laser may go through the apertures for performing a 
repair. 

It is still another further object of the present invention to provide a front-side 
repairable TFT-LCD assembly that includes at least five repair lines positioned outside of and in 
parallel with a circuitry on the TFT-LCD which intersects the multiplicity of buslines with an 
insulating layer thereinbetween such that a repair laser may go through apertures provided in a black 
matrix film and effectuate either a cutting of the buslines or a fusing of a busline with a repair line. 

It is yet another further object of the present invention to provide a method for 
repairing a front-side repairable TFT-LCD assembly by first providing the TFT-LCD assembly with 
a black matrix film that has a multiplicity of apertures formed therein and at least one repair line laid 
out around a circuitry on the TFT-LCD, testing the TFT-LCD in a panel power-up test and locating 
at least one defective circuit in the circuitry, and irradiating a laser beam through the multiplicity of 
apertures to effectuate a repair on the at least one defective circuit. 

Summary of the Invention 

In accordance with the present invention, a front-side repairable TFT-LCD assembly 
and a method for fabricating such assembly are provided. 
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In a preferred embodiment, a front-side repairable TFT-LCD assembly is provided 
which includes a TFT-LCD equipped with a first multiplicity of buslines, at least one repair line 
positioned outside of and in parallel with circuitry on the TFT-LCD, the at least one repair line 
intersects the first multiplicity of buslines with an insulating layer thereinbetween, and a black matrix 
film coated on a glass substrate positioned juxtaposed to the repair lines and buslines, the black 
matrix film has a second multiplicity of apertures formed therein each corresponding to a location 
where one of the at least one repair line intersects the first multiplicity of buslines allowing a laser 
to pass therethrough. 

The front-side repairable TFT-LCD assembly may further include at least three 
spaced-apart and parallel repair lines positioned outside of and in parallel with a circuitry of the TFT- 
LCD, or include at least five spaced-apart and parallel repair lines. The first multiplicity of buslines 
may include gate buslines and data buslines. The glass substrate which has the black matrix film 
coated thereon is used as a front cover for the TFT-LCD assembly. The second multiplicity of 
apertures formed in the black matrix film allows a laser to pass therethrough for welding a repair line 
to a busline. The second multiplicity of apertures formed in the black matrix film allows a laser 
beam to pass therethrough for severing a line. The black matrix film may be formed by a 
lithographic/etching method. The second multiplicity of apertures formed in the black matrix film 
may be used for laser repair in an array test or in a panel power-up test. 
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The present invention is further directed to a method for fabricating a front-side 
repairable TFT-LCD assembly by the operating steps of first providing a TFT-LCD equipped with 
a first multiplicity of buslines, providing at least one repair line laid out around a circuitry on the 
TFT-LCD, the at least one repair line intersects the first multiplicity of buslines with an insulating 
layer thereinbetween, coating a black matrix film on a glass substrate used as a cover plate for the 
TFT-LCD, patterning the black matrix film and forming a second multiplicity of apertures therein 
each corresponds to a cross-over point where one of the at least one repair line intersects the first 
multiplicity of buslines and mounting the glass substrate which has the black matrix film patterned 
with a second multiplicity of apertures on the TFT-LCD as a cover plate. 

The method for fabricating a front-side repairable TFT-LCD assembly may further 
include the step of patterning the black matrix film by a photolithographic method. The method may 
further include the step of forming the second multiplicity of apertures in the black matrix film by 
an etching method. The method may further include the step of passing a laser beam through at least 
one of the second multiplicity of apertures in the black matrix film to effectuate a repair on the TFT- 
LCD. The method may further include the step of testing the TFT-LCD in an array test or in a panel 
power-up test. 

The method for fabricating a front-side repairable TFT-LCD assembly may further 
include the step of providing at least three spaced-apart and parallel repair lines laid out around a 
circuitry on the TFT-LCD, the at least three repair lines intersect the first multiplicity of buslines 
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with an insulating layer thereinbetween. The method may further include the step of providing at 
least five spaced-apart and parallel repair lines. The first multiplicity of buslines may include gate 
buslines and data buslines. The method may further include the step of passing a laser beam through 
at least one of the second multiplicity of apertures in the black matrix layer to severe a busline or a 
gate line that is connected to a defective circuit in the circuitry or passing a laser beam through at 
least one of the second multiplicity of apertures in the black matrix layer to weld a repair line to a 
busline by fusing through the insulating layer. 

The present invention is still further directed to a method for repairing a front-side 
repairable TFT-LCD assembly which can be carried out by the steps of providing a TFT-LCD 
equipped with a first multiplicity of buslines, providing at least one repair line laid out around a 
circuitry on the TFT-LCD, the at least one repair line intersects the first multiplicity of buslines with 
an insulating layer thereinbetween, coating a black matrix film on a glass substrate used as a cover 
plate for the TFT-LCD, patterning the black matrix film and forming a second multiplicity of 
apertures therein each corresponds to a cross over point where one of the at least one repair line 
intersects the first multiplicity of buslines, mounting the glass substrate which has the black matrix 
film patterned with a second multiplicity of apertures therein on the TFT-LCD as a cover plate, 
testing the TFT-LCD in an array test or in a panel power-up test and locating at least one defective 
circuit in the circuitry, and irradiating a laser beam through the second multiplicity of apertures in 
the black matrix film to effectuate a repair on the at least one defective circuit. 
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The method for repairing a front-side repairable TFT-LCD assembly may further 
include the step of effectuating a repair on the at least one defective circuit by severing at least one 
busline that is connected to the at least one defective circuit. The method may further include the 
step of effectuating a repair on the at least one defective circuit by welding at least one repair line 
5 to at least one busline for bypassing the at least one defective circuit. 

Brief Description of the Drawings 

These and other objects, features and advantages of the present invention will become 
f " apparent from the following detailed description and the appended drawings in which: 

uj Figure 1 is an enlarged, cross-sectional view of a conventional tri-layered type 

f:Q inverted staggered TFT. 

; X Figure 2 is an enlarged, cross-sectional view of a back channel etched type inverted 

staggered TFT. 

Figure 3 is an enlarged, cross-sectional view of a present invention back channel 
etched TFT having a black matrix layer formed with a multiplicity of apertures. 
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Figure 4 is an enlarged, cross-sectional view of the present invention tri-layered type 
inverted staggered TFT having a black matrix layer formed with a multiplicity of apertures. 
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Figure 5 is an enlarged, plane view of the present invention device having a data 
busline and a gate busline overlapped and insulated with an amorphous silicon layer thereinbetween 
and an aperture opened through the black matrix layer. 

Detailed Description of the Preferred Embodiment 

The present invention discloses a front-side repairable TFT-LCD assembly which is 
constructed by at least one repair line that is positioned outside of and in parallel with a circuitry on 
the TFT-LCD wherein the at least one repair line intersects a first multiplicity of buslines with an 
insulating layer thereinbetween, and a black matrix film coated on a glass substrate positioned 
immediately adjacent to the repair lines and the buslines, the black matrix film has a second 
multiplicity of apertures formed therein each corresponding to a location where one of the at least 
one repair line intersects the first multiplicity of buslines and thereby allowing a repair laser to pass 
therethrough for effectuating a repair by severing or by welding. The present invention further 
discloses a method for fabricating a front-side repairable TFT-LCD assembly which includes the 
steps of providing at least one repair line laid out around a circuitry on the TFT-LCD, the at least one 
repair line intersects the first multiplicity of buslines with an insulating layer thereinbetween, then 
patterning a black matrix film coated on a glass substrate and forming a second multiplicity of 
apertures such that each of the apertures corresponds to a cross-over point where one of the at least 
one repair line intersects a first multiplicity of buslines equipped on the TFT-LCD, and then 
mounting the glass substrate to the TFT-LCD as a cover plate. 



14 



64,600-039 
ERSO 870100 

The present invention still further discloses a method for repairing a front-side 
repairable TFT-LCD assembly by the steps of first providing at least one repair line that is laid out 
around a circuitry on the TFT-LCD, the at least one repair line intersects the first multiplicity of 
buslines with an insulating layer thereinbetween, then patterning a black matrix film which is coated 
on a glass substrate to form a second multiplicity of apertures with each aperture corresponds to a 
cross-over point where one of the at least one repair line intersects a first multiplicity of buslines 
equipped on the TFT-LCD, then testing the TFT-LCD and locating at least one defective circuit in 
the circuitry, and irradiating a laser beam through the second multiplicity of apertures in the black 
matrix film to effectuate a repair on the at least one defective circuit. 

In the present invention novel method, a laser repair window in the black matrix film 
is first opened directly above a repair line/busline cross-over point. The laser repair window opened 
is normally smaller than the repair line/busline cross-over. This is shown in Figure 5. By utilizing 
the present invention novel method, a front-side laser repair technique can be advantageously used 
which does not cause back or reflective light leakage problem of the black matrix film. 

The present invention novel method therefore provides a multiplicity of apertures in 
a black matrix layer by a photolithographic method and then forms apertures by a chemical etching 
or physical etching method. The present invention novel method is executed by directing a laser 
beam on the front-side of the TFT-LCD such that the beam may go through the glass substrate, the 
aperture in the black matrix film and, optionally, through a chrome oxide layer to either severe or 
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weld a circuit defect. The black matrix layer may be formed of chromium, chromium/chromium 
oxide or of a polymeric based black matrix material. 

In practicing the present invention novel method, a liquid crystal cell is first tested 
before it is assembled to a driver IC. The test may be conducted advantageously in an array test 
wherein the line width of the buslines is between about 25 fim and about 45 jam. The defective 
circuits may then be repaired prior to the assembly of the LC cell with the driver IC. Prior to the 
assembly, a black matrix film coated on a cover glass substrate is first patterned in a 
photolithographic method and then formed in an etching step a multiplicity of apertures. For 
instance, in a VGA LCD display device, where there are 640 x 480 buslines in total, the total number 
of apertures required is 5 x [(480 x2) + (640 x 3 x2)] when five repair lines are utilized. For other 
LCD devices, such as SVGA, XGA, SXGA, and UXGA, different numbers of apertures may be 
formed to achieve the same advantageous result. 

Referring now to Figures 3 and 4 wherein an enlarged, cross-sectional view of a back 
channel etched TFT and a tri-layered TFT having a black matrix film formed with a multiplicity of 
apertures are shown, respectively. It should be noted that, as shown in Figure 3, a black matrix film 
60 and a transparent ITO layer 62 are first coated on a glass substrate 66. The black matrix layer 60 
is then formed in a photolithographic/etching step with apertures 68. A laser beam 70 can go 
through the black matrix apertures 68 to effectuate a repair procedure either on the source/drain 
busline 72 or on the gate busline 74, or both. 

16 
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A similar procedure is shown in Figure 4 for a tri-layered TFT structure in which a 
black matrix layer 80, a transparent ITO layer 82 are coated on a glass substrate 86. A multiplicity 
of apertures 88 are formed in the black matrix layer 80 prior to the deposition of the ITO layer 82 
for allowing a laser repair beam 90 to go through. The laser repair beam 90 effectuates a repair 
procedure either on the source/drain baseline 92, or on the gate busline 94 or on both. 

An enlarged, plane view of the data busline 72, the gate busline 74, the insulating 
layer such as an amorphous silicon layer 76 and the aperture 68 is shown in Figure 5. It should be 
noted that the dimension of the aperture 68 is normally smaller than the overlapped area between the 
data busline 72 and the gate busline 74. The repair method by the present invention novel technique 
is therefore conducted at the cross-over point between the gate busline 74 and the data busline 72 
where defective circuits are likely formed due to bad insulation, leakage, particle contamination or 
short. By utilizing the present invention novel method, gate line and data line may be melted 
together through the insulating layer at the cross-over point while the signal is detoured around the 
cross-over point. 

The present invention novel method can therefore be advantageously used in 
preparing defects in either a liquid crystal module prior to its assembly with a driver IC, or in a TFT- 
LCD assembly from a front-side of the assembly. By utilizing the present invention novel method, 
an assembled TFT-LCD assembly does not need to be disassembled in order to perform a repair task. 
The present invention method therefore allows the saving of a liquid crystal panel from being 
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scrapped due to a defective driver IC. This is particularly important in the assembly of large sized 
liquid crystal panels of high costs. 

The present invention novel method for repairing a TFT-LCD assembly and a novel 
front-side repairable TFT-LCD have therefore been amply demonstrated in the above descriptions 
and in the appended drawings of Figures 3, 4 and 5. 

While the present invention has been described in an illustrative manner, it should 
be understood that the terminology used is intended to be in a nature of words of description rather 
than of limitation. 

Furthermore, while the present invention has been described in terms of a preferred 
embodiment, it is to be appreciated that those skilled in the art will readily apply these teachings to 
other possible variations of the inventions. 

The embodiment of the invention in which an exclusive property or privilege is 
claimed are defined as follows: 
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Claims 

1 . A front-side repairable TFT-LCD assembly comprising: 
a TFT-LCD equipped with a first multiplicity of buslines, 

at least one repair line positioned outside of and in parallel with a circuitry on said 
TFT-LCD, said at least one repair line intersects said first multiplicity of buslines with an insulating 
layer thereinbetween, and 

a black matrix film coated on a glass substrate positioned juxtaposed to said repair 
lines and buslines, said black matrix film having a second multiplicity of apertures formed 
therethrough each corresponding to a location where one of said at least one repair line intersects 
said first multiplicity of buslines allowing a laser to pass therethrough. 

2. A front-side repairable TFT-LCD assembly according to claim 1 further 
comprising at least three spaced-apart and parallel repair lines positioned outside of and in parallel 
with a circuitry of said TFT-LCD. 

3. A front-side repairable TFT-LCD assembly according to claim 1 further 
comprising at least five spaced apart and parallel repair lines positioned outside of and in parallel 
with a circuitry of said TFT-LCD. 



4. A front-side repairable TFT-LCD assembly according to claim 1 , wherein said 
first multiplicity of buslines comprises gate buslines and data buslines. 
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5. A front-side repairable TFT-LCD assembly according to claim 1, wherein said 
glass substrate having said black matrix film coated thereon is used as a front cover in said TFT- 
LCD assembly. 

6. A front-side repairable TFT-LCD assembly according to claim 1 , wherein said 
second multiplicity of apertures formed in said black matrix film allows a laser to pass therethrough 
for welding a repair line to a busline. 

7. A front-side repairable TFT-LCD assembly according to claim 1 , wherein said 
second multiplicity of apertures formed in said black matrix film allows a laser beam to pass 
therethrough for severing a busline. 

8 . A front-side repairable TFT-LCD assembly according to claim 1 , wherein said 
black matrix film is formed in a photolithographic/etching method. 

9. A front-side repairable TFT-LCD assembly according to claim 1 , wherein said 
second multiplicity of apertures formed in said black matrix film is used for laser repair after an array 
test or after a panel power-up test. 
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10. A method for fabricating a front-side repairable TFT-LCD assembly 
comprising the steps of: 
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providing a TFT-LCD equipped with a first multiplicity of buslines, 

providing at least one repair line laid out around a circuitry on said TFT-LCD, said 

at least one repair line intersects said first multiplicity of buslines with an insulating layer 

thereinbetween, 

5 coating a black matrix film on a glass cover plate in said TFT-LCD, 

patterning said black matrix film and forming a second multiplicity of apertures 
therein each corresponds to a cross-over point where one of said at least one repair line intersects 
f =5 said first multiplicity of buslines, and 

jfi mounting said glass substrate having said black matrix film patterned with a second 

fQ multiplicity of apertures therein on said TFT-LCD as a cover plate. 

: = 11. A method for fabricating a front-side repairable TFT-LCD assembly according 

ri' to claim 1 0 further comprising the step of patterning said black matrix film by a photolithographic 
%P method. 

12. A method for fabricating a front-side repairable TFT-LCD assembly according 
1 5 to claim 1 0 further comprising the step of forming said second multiplicity of apertures in said black 

matrix film by an etching method. 

13. A method for fabricating a front-side repairable TFT-LCD assembly according 
to claim 10 further comprising the step of passing a laser beam through at least one of said 
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multiplicity of apertures in said black matrix film to effectuate a repair on said TFT-LCD. 

14. A method for fabricating a front-side repairable TFT-LCD assembly according 
to claim 10 further comprising the step of testing said TFT-LCD in an array test in a panel power-up 
test. 

5 1 5 . A method for fabricating a front-side repairable TFT-LCD assembly according 

to claim 10 further comprising the step of providing at least three spaced-apart and parallel repair 
;J" lines around a circuitry on said TFT-LCD, said at least three repair lines intersect said first 
y j multiplicity of buslines with an insulating layer thereinbetween. 

s 16. A method for fabricating a front-side repairable TFT-LCD assembly according 

tpf to claim 1 0 further comprising the step of providing at least five spaced-apart and parallel repair lines 
*K laid out around a circuitry on said TFT-LCD, said at least three repair lines intersect said first 
multiplicity of buslines with an insulating layer thereinbetween. 

17. A method for fabricating a front-side repairable TFT-LCD assembly according 
to claim 10, wherein said first multiplicity of buslines comprises gate buslines and data buslines. 
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18. A method for fabricating a front-side repairable TFT-LCD assembly according 
to claim 10 further comprising the step of passing a laser beam through at least one of said second 
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multiplicity of apertures in said black matrix layer to severe a busline or a gate line that is connected 
to a defective circuit in said circuitry. 

1 9. A method for fabricating a front-side repairable TFT-LCD assembly according 
to claim 10 further comprising the step of passing a laser beam through at least one of said second 
multiplicity of apertures in said black matrix layer to weld a repair line to a busline by fusing through 
said insulating layer. 

20. A method for repairing a front-side repairable TFT-LCD assembly comprising 

the steps of: 

providing a TFT-LCD equipped with a first multiplicity of buslines, 

providing at least one repair line laid out around a circuitry on said TFT-LCD, said 

at least one repair line intersects said first multiplicity of buslines with an insulating layer 

thereinbetween, 

coating a black matrix film on a glass substrate used as a cover plate for said TFT- 
LCD, 

patterning said black matrix film and forming a second multiplicity of apertures 
therein each corresponds to a cross-over point where one of said at least one repair line intersects 
said first multiplicity of buslines, 

mounting said glass substrate having said black matrix film patterned with a second 
multiplicity of apertures therein on said TFT-LCD as a cover plate, 
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testing said TFT-LCD in an array test or in a panel power-up test and locating at least 
one defective circuit in said circuitry, and 

irradiating a laser beam through said second multiplicity of apertures in said black 
matrix film to effectuate a repair on said at least one defective circuit. 

21. A method for repairing a front-side repairable TFT-LCD assembly according 
to claim 20 further comprising the step of effectuating a repair on said at least one defective circuit 
by severing at least one busline that is connected to said at least one defective circuit. 

22. A method for repairing a front-side repairable TFT-LCD assembly according 
to claim 20 further comprising the step of effectuating a repair on said at least one defective circuit 
by welding at least one repair line to at least one busline for bypassing said at least one defective 
circuit. 
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FRONT-STDE REPAIRABLE TFT-LCD AND METHOD FOR MAKING 

Abstract of the Disclosure 

A front-side repairable TFT-LCD assembly and a method for fabricating such 
repairable assembly are disclosed. In the assembly, at least one repair line that is positioned outside 
of and in parallel with a circuitry on the TFT-LCD is first laid out, while a black matrix film is 
coated on a glass substrate and patterned/formed with a multiplicity of apertures by a 
photolithographic/etching method. The multiplicity of apertures allows a repair laser to go through 
the apertures for effectuating a repair on a gate busline or on a data busline at a cross-over point with 
a repair line. The present invention further discloses a method for repairing a front-side repairable 
TFT-LCD assembly by first providing a front-side repairable assembly, then testing the assembly 
to locate defective circuit in a circuitry, and then irradiating a laser beam through a multiplicity of 
apertures in the black matrix film coated inside the LCD assembly to carry out a repair on the at least 
one defective circuit. 
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DECLARATION FOR PATENT APPLICATION 



As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled FRONT-SIDE REPAIRABLE TFT-LCD AND 
METHOD FOR MAKING the specification of which 

(X) is attached hereto. 

( ) was filed o n as 

Application Serial No. 

And was amended on . 

(If applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendments referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1.56, a copy of which is 
attached. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any 
foreign applications) for patent on inventor's certificate having a filing date before that of the 
application on which priority is claimed: 

Prior Foreig n A pplication^ Priority Claimed 



Number 


Country 


Day/Month/Year 


(Yes) 


(No) 


Number 


Country 


Day/Month/Year 


(Yes) 


(No) 



Number Country Day/Month/Year (Yes) (No) 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
applications) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, §112, I acknowledge the duty to disclose material information as defined in Title 37, 
Code of Federal Regulations, §1 .56(a) which occurred between the filing date of the prior application 
and the national or PCT international filing date of this application: 



Application Ser. No. Filing Date Status 



Application Ser. No. Filing Date Status 

I further declare that I do not know and do not believe that the invention claimed in this application 
was ever known or used by others in this country before my invention thereof, or patented or 
described in any printed publication in any country before my invention thereof, or more than one 
year prior to this application or any prior U.S. application above identified in which said invention 
may have been disclosed, or in public use or on sale in the United States of America for more than 
one year prior to this application or any prior U.S. application above identified in which said 
invention may have been disclosed. 

POWER OF ATTORNEY 

And I hereby appoint as my attorneys with full power of substitution to prosecute this application 
and to transact all business in the United States Patent and Trademark Office connected therewith 
to the firm of Tung & Associates, including the following individual attorneys associated with the 
firm: 

Individual Attorneys Reg. No. 

Randy W.Tung 31,311 

Please send all correspondence concerning this application to the following address: 

Tung & Associates 
838 West Long Lake Road 
Suite 120 
Bloomfield Hills, Michigan 48302 
Telephone: (248) 540-4040 
Facsimile: (248) 540-4035 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application of any patent issued 
thereon. 



Full name of first joint inventor 

Inventor's Signature 
Date 

Residence 

Citizenship 
Home Address 



Full name of second joint inventor 
Inventor's Signature 
Date 

Residence 
Citizenship 
Home Address 



TINGHUI 



HUANG 



First 



Middle 



Last 



:%,^^. . iff? 

Mi, 'flvvr, aJc. io^I . lane, ihb iF&J^Ja 
Republic of China 

Eloo uso/irer /yr-g, j^i. dL*^ 
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Middle 



Last 



Republic of China 



3 



64,600-039 
ERSO-870100 



§1.56 Duty to disclose information material to patentability 

(a) A patent by its very nature is affected with a public interest. The public interest is best 
served, and the most effective patent examination occurs when, at the time an application is being 
examined, the Office is aware of and evaluates the teachings of all information material to 
patentability. Each individual associated with the filing and prosecution of a patent application has 
a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the 
Office all information known to that individual to be material to patentability as defined in this 
section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information 
material to the patentability of a claim that is canceled or withdrawn from consideration need not be 
submitted if the information is not material to the patentability of any claim remaining under 
consideration in the application. There is no duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclose all information known to be material to 
patentability is deemed to be satisfied if all information known to be material to patentability of any 
claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed 
by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with 
which fraud on the Office was practiced or attempted or the duty of disclosure was violated through 
bad faith or intentional misconduct. The Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application; and 

(2) the closest information over which individuals associated with the filing or prosecution 
of a patent application believe any pending claim patentably defines, to make sure that any material 
information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 
(I) Opposing an argument of unpatentability relied on by the Office, or 
(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that 
a claim is unpatentable under the preponderance of evidence, burden-of-proof standard, giving each 
term in the claim its broadest reasonable construction consistent with the specification, and before any 
consideration is given to evidence which may be submitted in an attempt to establish a contrary 
conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 

meaning of this section are: 

(1) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there 
is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent or inventor. 

(35 U.S.C. 6, Pub. L. 97-247) 

[42 FR 5593. Jan. 28, 1977, as amended at 47 FR 21751, May 19, 1982; 48 FR 2710, Jan. 20, 1983; 
49 FR 554, Jan. 4, 1984; 50 FR 5171, Feb. 6, 1985; 53 FR 47808, Nov. 28, 1988, effective Jan. 1, 
1989; 57 FR 2034, January 17, 1992, effective March 6, 1992] 
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